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STUDIES ON THE ECZEMATOUS SENSITIZATION
I. THE ROUTE BY WHICH THE SENSITIZATION GENERALIZES
A. ROSTENBERG, JR., M.D.'
INTRODUCTION
Among the factors in the genesis of the eczematous sensitization are two which
have not been definitely established. These are (1) the nature of the material
that causes the generalization of the sensitization and (2) the route by which the
sensitization generalizes.
In the case of the first problem, there seem to be only three major possibilities,
namely, that (a) the allergen as such is absorbed, (b) the allergen is not absorbed
but stays in situ and (c) a modified or conjugated allergen is absorbed. If the
allergen itself were disseminated, the sensitization should be achieved regardless
of the route of application. Furthermore, Schnitzer (8) has shown that a certain
minimal concentration per unit of skin area is required in order to yield a sen-
sitization. If it were the allergen itself which disseminated it is hard to see why
the sensitization would not be determined by the total amount absorbed rather
than by the amount applied per unit area. The next possibility is that the
allergen stays in situ causing a development of a sensitization locally, which
when it becomes fully developed, is accompanied by a release of an antibody-
like material that has an extreme affinity for epidermal cells. This hypothesis is
almost certainly untrue since the site of application can be extirpated after 24
hours and the sensitization proceeds unhampered. We are thus on logical
grounds forced to the conclusion that the material which is absorbed from the
site of application is the allergen modified in some fashion. Assuming that the
modified allergen causes the eczematous sensitization does not imply that this
substance itself generalizes. All we can conclude is that a modified allergen
proceeds from the site of application, possibly only to a regional lymph node
where the sensitization may develop to be disseminated via an antibody-like
substance.
The second point which we wish to consider is the route by which the sen-
sitization generalizes irrespective of the nature of the material. This question
probably has two parts—first the route taken by the modified allergen from the
site of its formation, which would be in the epidermis or in the cutis at the site of
application of the allergen, to the site of "manufacture" of the hypersensitivity;
and second we have the route by which the sensitizing material goes from the site
of "manufacture" to the epidermal cells. In the event that it is modified allergen
which goes to the epidermal cells and causes a local alteration in their sensitivity,
'From the Allergy Unit and the Department of Dermatology of the University of Illi-
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there would be only one route; but if, as is more likely, the modified allergen goes
to lymph nodes in which antibody-like materials are manufactured, we have then
to consider also the route by which this substance gets back to the epidermal
cells.2 Theoretically, the possible routes are: (1) a sebaceous film on the surface
of the body, (2) from prickle cell to prickle cell via the intercellular bridges, (3)
lymphogenously, (4) hematogenously, (5) neurogenously, (6) combinations.
There have been many studies which endeavor to answer whether (1), (2), or
(3) is the route employed. A synopsis of these studies is set forth in table 1.
From these studies it would seem that the bulk of the evidence points to the
fact that an interruption of the oily film or a solution of the prickle cell continuity
does not interfere with the generalization of the sensitization. The results when
the major lymphatic drainage pathways leading from the site of application were
interrupted seem to be contradictory. In view of this fact it was thought that
certain modifications of the technic might provide additional information.
These modifications were (1) to determine at what time after the sensitizing
application the making of a "skin island" would interfere with the generalization
of the sensitization, if at all and (2) to apply simultaneously two approximately
equally strong eczematogenous substances, one to each side of the body and the
making of the island around only one of them.
EXPERIMENTAL PROCEDURES
White male (except for two) guinea pigs, weighing on the average 400 grams, were used.
The two substances employed were 2:4 dinitrochlorobenzene and paranitrosodimethyl-
aniline. The animals had each flank clipped with an electric clipper and then within the
large cropped area smaller areas were completely denuded by manual epilation. This was
done as a rule 24 hours prior to the sensitizing application. The materials were applied on
opposite flanks. The sensitizing application was made in two ways. In all cases on a given
animal the sensitizing applications for both chemicals were done by the same method.
(Table 2 indicates the method employed for each animal.) The first method consisted of the
epidermal application of the material by dropping it from a pipette. In the case of 2:4
dinitrochlorobenzene a 30% acetone solution was used, and in the case of paranitrosodi-
methylaniline a 20% acetone solution was used. 0.03 cc. was dropped from a pipette on to
the skin surface which spreads to cover an area about the size of a dime. When the sensitiz-
ing application was done by the intradermal route 10% acetone solutions of the two
chemicals were used, 0.06 cc. in two injections of approximately 0.03 cc. each were given
as superficially as possible and in contiguous sites. Six, twelve or twenty-four hours
after the sensitizing application was applied the islands were made. Under Nembutal
anesthesia flank islands were cut which were roughly elliptical in shape about three inches
in the long (anteroposterior) diameter and about two inches in the conjugate diameter.
The islands were made in all but one case on the left flank, in the one case on the right,
but the chemicals were alternated so that on one animal the 2:4 dinitrochlorobenzene
site had the island about it and on the other the paranitrosodimethylaniline site had the
island. This was done to equalize any possible difference between the sensitizing abilities
of the two chemicals. The borders of the island-to-be was as a rule outlined on the skin with
a dye. The skin was then cut through until the plane of cleavage overlying the superficial
musculature was found and the island was then completed by cutting around the pattern
down to this level. The skin retracts on the average of about to of an inch so that it is
2 Haxthausen's (4, 5) work on transplantation experiments in identical twins and on the
passage of sensitivity to dinitrochlorobenzene in parabiotic guinea pigs makes it extremely
likely that the material which sensitizes the epidermal cells is an antibody of some nature.
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TABLE 2
PIG NO.
345
SUBST.
APPLIED
TO ISLE
DNCB
EOtTR AT
WHIcH
ISLE
MADE
6
TYPE
OP
SENs.
APPLIC.
I
CON-
TAMINA-
TION
0
DNCB
On isle Off isle
+ +
PNMA
On isle Off isle
+ +
ISLE
EDEMA
si
NO. OP DAYS
ELAPSING
BETWEEN
GOP
NDISLE A
INJECTION
OP DYE
11
EVIDENCE
OF DYE
INFILT.
OUTOP
ISLE 48
MRS. AFTER
INJEC.
0
277 DNCB 6 I 0 wk
+
? ? + sev 11 0
273 DNCB 6 I ? + + ? + sI 11 0
274 PNMA 6 I 0 wk
+
wk
+
0 + sI 11 0
321 PNMA 6 I 0 wk
+
0 0 ? a! 11 0
336 DNCB 12 E ? + + + + mod 21 +
337 DNCB 12 E ? ? wk
+
? ? mod 21 ?
332 DNCB 12 E 0 0 0 0 0 mod 21 0
318 DNCB 24 I 0 + + ? + si 11 0
334 DNCB 24 E 0 0 + + 0 sev 21 0
322 DNCB 24 I 0 wk
+
+ wk
+
+ si 11 0
335 DNCB 24 E 0 0 + 0 + mod 21 +
317 PNMA 24 I 0 + wk
+
wk
+
wk
+
sI 11 0
344 PNMA 24 I 0 + + + + si 11 0
323 PNMA 24 I 0 + + wk
+
+ sI 11 0
339 PNMA 24 E + 0 + 0 wk
+
mod 20 ?
338 PNMA 24 E 0 + + + 0 sev 20 +
DNCB = 2:4 dinitrochlorobenzene.
PNMA = paranitrosodimethylaniline.
I means that the sensitizing application was done by an intradermal injection.
B means that the sensitizing application was done by dropping the material onto the
epidermis and allowing it to evaporate.
"si", "mod", "sev" under the column "Isle edema" means that the amount of gross
island edema noted was either slight, moderate or severe.
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not necessary to extirpate any skin to get an island which is completely separated from the
rest of the epidermis. The panniculus carnosus and usually some of the muscle beneath it
was then cut through. In some instances the incisions were deep enough so as to cause small
peritoneal herniations. Afrer the panniculus and muscle had been cut through sulfathia-
zole powder was sifted onto the wound and collodion was then poured into the moat around
the island. This was done to prevent union between the island and the surrounding epi-
dermis. Despite the fact that the skin retracts from about to of an inch, the island is
quite mobile and it had been found in preliminary experiments that unless means were
taken to prevent union, when the pig was placed in its cage and he moved about, the sur-
faces rapidly came into contact at some point and united. After the collodion had solid-
ified, a shield made of cleared x-ray film was sewed in place over the island onto the sur-
rounding epidermis. The purpose of the shield is, of course, to prevent the pig from
scratching or otherwise excoriating the island. These shields have the additional utility of
enabling one to keep the operated site under continuous observation.3 Our operative mor-
tality was extremely low and the islands seemed to remain in good condition. The shields
were removed as a rule on the sixth postoperative day. Marked edema became manifest to
such a degree in many of the islands that the lower half of the island would be considerably
ballooned out. This, of course, indicated to us that we had successfully interrupted the
lymphatic pathways. The amount of edema, although we have not made a careful check of
this point, seems correlated in a large measure with the exact site at which the island is
made. The edema seemed to be much more marked when the posterior border of the island
is at about the level of the crest of the ilium when the hind foot is completely extended. In
this area there is a highly vascularized local accumulation of subcutaneous fat in which
there is a lymphatic node, and in order to cut through the panniculus it is necessary to cut
through this fatty area. (Brisk bleeding is sometimes encountered here.) If the island
is made so that its posterior border is slightly anterior (one inch) to the above, the fatty pad
is avoided. During the surgical procedures it is necessary to be extremely careful so that
some of the sensitizing application which had been previously applied might not spread
beyond the island area. In some animals there was a possibility of this having occurred;
where this was thought likely it is indicated in table 2. Tests for sensitivity were made on
the ninth day after the sensitizing application. Sites were prepared 48 hours in advance by
manual epilation. In all cases three sites were plucked on the island and three sites on the
opposite flank. For the test applications 0.03 cc. of a 1:1000 acetone solution of the two
chemicals was used. Both chemicals were applied to the island sites and to the flank sites,
the third site in each case being left as a blank control. Readings were done at 24 and 48
hours. In order to verify the fact that the lymph pathways had actually been cut, 48 hours
after our tests had been completed, which was 11 days after the island had been made,
0.05 cc. of a 3% aqueous pontamine sky-blue solution was injected intradermally into the
islands of some of the animals. In no instance did observation 48 hours after the dye
injection indicate that there had been diffusion out of the island. The dye would diffuse to
the periphery of the island and there abruptly stop.4 In two of the animals 48 hours after
the dye injection had been made the portion of the island containing the dye and some of
the surrounding skin was extirpated so that a pathological examination could be made.
Microscopic examination by Dr. M. R. Caro did not show that any of the dye had crossed the
scar tissue barrier.
The animals did, however, tend to gnaw at the shields or sutures and often freed them in
part. It may be that some reinforcing will be required at the periphery of the shield.
In some of the animals on the 21st day after the operation dye was injected into the is-
land and in these there seemed to be evidence of diffusion off the island, but in these there was
also gross evidence of union of the island with the surrounding skin. Even here the rate of
diffusion appeared to be slower than in normal skin areas. It took about 4—5 days for the
dye to cover an area that in a normal skin area would be covered in 48 hours. Of course in
these animals our testing had been done 10 days previously.
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RESULTS
Table 2 gives the results of the experiments, the 24 and 48 hour readings being
averaged for the table. Table 3 groups the results of table 2 according to the
number of hours elapsing between the sensitizing application and the making of
the island, and also according to whether the material was applied to the island
or off the island. The time at which the island is made does not appear to in-
fluence the outcome. Whether or not islands made earlier than the sixth hour
would react differently, we do not know. Again, insofar as one can tell with
TABLE 3
EXACTIONS TO TES SUBSTANCE
APPLIED TO TEE ISLAND
EXACTION TO TEE SUBSTANCE
APPLIED OFF THE ISLAND
on isle off isle on isle off isle
6 hours
]2hours
0 and ? 2 2 2 1
wk+and+ 3 3 3 4
Oand? 2 1 2 2
1wk+and+ 1 2 1
24 hours 0 and ? 3 1 3 1
8wk+and+ 6 8 6
Total Oand? 7 4 7 4
wk+and+ 10 13 10 13
the limited number of animals, it appears that it is slightly more difficult for
the sensitization to get to the island when the material is applied off the island
than to get to the surrounding integument when the material is applied to the
island. The possible theoretical implications of this are discussed later in the
article. It may be significant that irrespective of whether the material was
applied on the island or off the island, in both cases there are apparently more
sensitizations off the island. The island reacted positively in 20 of 34 trials
whereas off-the-island reacted positively in 26 of 34. If the animals are tabulated
so as to compare the number giving a positive reaction to both substances off
the island but a zero or questionable to either on the island with those who re-
acted in the reverse manner (i.e. to both substances on the island but gave a
zero or questionable to either substance off the island), we find that there were
five animals in the first category whereas there was only one in the second.5
We think that it should be pointed out that while these differences are small, we have
an experiment here in which the ordinary biologic variability in response from animal to
animal does not enter; as the comparison is made on one animal who had demonstrated his
ability to become sensitized.
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Table 4 gives much the same information as table 3, but it breaks the infor-
mation down according to the substance which was applied. It appears that
there is no difference in the ability of 2:4 dinitrochlorobenzene or paradinitroso-
dimethylaniline to cross from the island to the surrounding skin as 2:4 was
successful in 8 of 10 trials and pam was successful in 5 of 7 trials. In going from
the surrounding skin to the island 2:4 was successful in 6 of 7 trials whereas para
TABLE 4
Oand ?
SENSITIZATION CROSSED P
SUEROUNDING
ROM ISLE TO SENSITIZATION CROSSED PROM
TO ISLE
SURROUNDING
D
2
P Both D P Both
72 4 1 6
wk+and+ 8 5 13 6 4 10
D (2:4 dinitrochlorobenzene) and P (paranitrosodimethylaniline) indicate which sub-
stance was applied to the island in the first ease and off the island in the second case.
The figures give the number of pigs reacting to that substance off the island in the first
case and on the island in the second case.
TABLE 5
Instances of discrepant reactions between island and surrounding or vice versa
Only cases where reaction was 0 in the place and wk + or stronger in the other are
counted. Questionable reactions not counted.
PIG NO. SUBSTANCE AND WHEREAPPLIED ISLAND REACTION
OFF ISLAND
REACTION PARADOX
274 P to island 0 +
321 D off island + 0
334 D to island 0 +
334 P off island + 0
335 D to island 0 +
335 P off island 0 +
339 P to island 0 +
339 I D off island 0 +
338 P to island + 0 ?
P = ParanitrosodimethylanilineD = 2:4 dinitrochlorobenzene
was successful in only 4 of 10. Considering a crossing in either direction 2:4
crossed in 14 of 17 trials whereas para crossed in 9 of 17 trials. Whether these
differences are fortuitous and would be ironed out in a larger series, or whether
they are dependent on certain molecular properties is not known. Table 5 lists
instances of what we have termed discrepant reactions, that is, where the reac-
tion to the material is positive say on the island and negative off the island or
vice versa. Six animals reacted to either 2:4 or para off the island but not to
that same substance on the island whereas in only 3 was the reaction positive on
the island but negative off. In the discussion we consider certain hypotheses
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which might satisfactorily explain the result where the material was applied
off the island and reacted off the island but failed to give a reaction on the island,
or the case where the allergen was applied to the island and reacted off the island
but failed to give a reaction on the island. The situation where the material was
applied off the island and failed to react off the island but did react on the island,
we have termed a paradoxical reaction inasmuch as we can offer no satifsactory
explanation for this occurrence. Finally, the case where the allergen was applied
to the island and reacted there but not off the island we have termed a question-
able paradox. The reason for this is discussed later.
DISCUSSION
It is thus seen that with the technic employed the operative procedures did not
materially interfere with the generalization of the sensitization. Furthermore,
the time at which the island was made did not seem to matter. While in as
small a series as this it was not possible to make comparisons which have statis-
tical significance, it was nevertheless felt that if there is any interference, itwas
with getting the island sensitized irrespective of whether the allergen had origi-
nally been applied to it or not.
In comparing our results with those of other investigators, they are at variance
with those of Landsteiner and Chase (6), but in agreement with those of Schnit-
zer (7, 8). There are two important distinctions between our technique and that
of Landsteiner and Chase's. (1) In our case the islands were made some number
of hours after the sensitizing application and (2) we did not extirpate the island
site 4 days after the application had been made to it as they did. In endeavoring
to interpret these various experiments it seems that one is forced to the following
conclusions. The route by which the sensitization generalizes is manifold.
There may be a route of predilection, but if this route is not available, then other
routes are employed. It would appear that normally the generalization may be
largely through the lymphatic system, but that some of the generalization may
be accomplished via prickle cell bridges or hematogenously. In the instance of
Landsteiner and Chase who uniformly found that the generalization was in-
terrupted if the lymphatics were severed, it should be remembered that the island
site was extirpated. Off hand this would not appear to have any influence in-
asmuch as both Simon (10) and Landsteiner and Chase (6) had shown that ex-
tirpation of the site of application after 25 hours does not interfere with the
generalization of the sensitization, so that removal on the 4th day would seem-
ingly not matter.6 This, however, might not actually be the case inasmuch as
the original extirpation experiments were performed on otherwise intact animals
and it is quite conceivable that in the intact animals there is enough absorption
by all the available routes during the first 24 hours so that the site of application
thereafter can be dissected out with impunity. In animals in whom, however,
6 Haxthausen's (3) experiments would seem to contradict this. He found that in man
freezing the site of application of the allergen with CO2 snow any time from the first to the
eighth day after application prevented the appearance of the sensitization in 16 out of 20
subjects.
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an island exists and because of which the majority of the lymphatic pathways are
no longer available7 and also the dissemination via the prickle cells is no longer
possible leaving primarily only a hematogenous route by which substances can
be distributed from the skin focus, it may be that absorption over a relatively
long period of time is required, and consequently, the removal of the focus from
which absorption occurs even as late as the fourth day could influence the gen-
eralization of the sensitization. In our animals I believe we achieved the gen-
eralization of the sensitization despite the deep cutting because (1) during the
first six hours all routes for absorption were available and (2) after six hours a
hematogenous distribution and a limited lymphatic one could occur from the site
of application. This concept we believe satisfactorily explains why the island by
and large showed less evidence of sensitization, irrespective of whether the sensi-
tizing substance had been applied on or off the island. In the first 6 hours there
was no island, consequently the hypothetical conjugated allergen could absorb
equally on both sides. After the island was made, absorption from the site would
be reduced but could continue. However, at the time "antibody" is manufac-
tured the routes available for the return of antibody to the epidermal cells of the
island are materially reduced, as a result this substance which presumably has a
high affinity for epidermal tissue8 has a great opportunity to be picked up by the
extra-island epidermal cells. In the case of pig 338 who reacted on the island
to the substance applied to the island but not to this material off the island we
have termed this questionably paradox in deference to the possibility of a purely
local sensitization. While we consider this rather unlikely, especially in view
of the fact that the animal reacted both on and off the island to the other allergen,
it is a remote possibility, hence the designation. Insofar as the 2 animals whom
we have termed as giving a paradoxical reaction are concerned, we can only
reiterate that we have no satisfactory explanation to offer.
SUMMARY AND CONCLUSIONS
1. 2:4 dinitrochloiobenzene and paranitrosodimethylaniline were applied in
30% and 20% acetone solutions to the flanks of guinea pigs. At either 6,
12 or 24 hours the site of one of the eczematous applications was converted into
an island by severing the epidermal and lymphatic pathways.
2. The above technic did not seem to interfere with the generalization of the
sensitization, except possibly that the islands became sensitized less often ir-
respective of whether the sensitizing application was to the island site or not.
3. It is postulated that in an eczematous sensitization the simple allergen
reacts at the site of application to form a conjugated or modified allergen. This
new allergen is absorbed principally via lymphatics, but also by other routes.
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